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Ttie c|uantit»tiv« of dose in epijdsimiolo^cal 

u charsmerizecl by two main typos of difficulties, The dose often 
changes widely avee dme, mtiLiiig Its exact eseJmenon a. loug and 
costly pEQcess for chconic diseases. Although syscetnatic, long¬ 
term changes can be dealt with quite easily, shorc-'terni, random 
duRUaiions hitve to be treated stetiscieelly. On the other hand, 
one must adrtiit that target dose can only be tneastitcd directly 
on rare occasions because the biological receptors are, in most 
cases, inaccessible in studies on wotkers- Surrogates of target 
dose, therefore, have to he used, i.e,, air exposure or biological 
iodicators. This papec examines advantages and disadvantages of 
these two approaches!, with respect to the difficulties mentioned. 

For exposure fluctuaUDoS over time, air and biological moni¬ 
toring ate ccimparcd, taking into account the half-life of the 
chemical in ihe body and also Some measure of the biological 
individufll vadability, Plots are given to describe bow these pa¬ 
rameters affect the estimation of long-term exposure by biological 
monitoring. This is, furthermore, staciscicaHy compared to the 
cesidts that would be obtained by air tnoiticoring. 

Considering both air and biological monitoriug as surrogates 
of target dose, various factors a^c discussed that could modiiy 
their respective results! skin exposure, physical wcckleiad, aerosol 
solubility, fate of the chemical in the body, £ach of these factors 
are discussed using pharfnncolcitietic concepts, and examples are 
given, A simple model for the predictiotl of skin absorption 
ettmpared to respiratory exposure is discussed, Droz, P.Q,; Bctoda, 
M.; Wu, M.M.: Eyatuallon at Concomitant DIological and Air Moniionng 
Results, ftppl. Occup. Enviran, Hyg. 6:465-474; 1991. 


Introducllan 

One of the rbiiin goals of quantitative epidetiiiology is 
the establishment of dose-response rclaiionsbips, which 
are required for risk assessment and standard setring. Al¬ 
though health outcojne-s art usually measured relatively 
easily, the characterization of the dose is often a very dif¬ 
ficult process. The two inain reasons for this are l)tha 
dose fluctuates over time and 2) the do.se to the target 
organ or the receptor is. in mo.si cases, indeterminahle, 

Changes Over Ttme 

It is well known that exposure fluctuates <vver time, when 


considering both short durations and extended periods' of 
time. From day to day, and even during the day, wide 
variations in exposure concentratiun.s can he observed due 
to normal flnctuatioas in work processes or abnormal (ac¬ 
cidental) practices. Wlien considering durations of montlis 
and years, major changes in the work procedures and in 
the controls in place can happen. These long-term changes 
can usually be Identified and taken into account when 
designing a strategy for ctos'e e.stimation. Factors explaining 
short-term fluctuations in exposure are often more difficult 
to identify, and this is reflected in some uncertainty in the 
dose estimation. This suspect will be considered here as 
well a.s how biological monitoring can. in some ciscs, 
improve the shoit-remi dose estimations. 

Inaccessibility of Target Dose 

Ide-dlly, in an epidemiological .study, workers should be 
classrlied into e,N:j.xisure groups siccording to their conceri- 
tmiion of bioactive chemical at tire biological receptor. 
This parameter can very rarely be determined in practice, 
and surrogates are used, e.g., air exposure data. With the 
latter, a relationship of a certain strength is assumed to 
exist between air exposure concentrations and die levels 
of active chemical in the target site. Optimally, thLs rela- 
tion.ship remains the same for all the workers of the studied 
population. The -Strength of this relation.iship is, nevectlie- 
iess, rarely quantified. Another way of looking at target site 
concentrations i.s by the use of biological indicators of 
exposure. These indicators cun be the chemical itself or 
some biotransformation product in accc.s.sible biological 
fluids (most often urine, blood, or expired air), some re- 
aaion products with macromolecules (proteins, DNA), or 
some early biochemical reversible effect, biological indi¬ 
cators of expo.sure tan have two potential advantages over 
air moniroring: 1) ihey can be better indicators of the total 
dose ab.SOrbed and 2) they can taks into account differ¬ 
ences in the &te of the chemicals once they have pene¬ 
trated Into the body, therefore, better representing the 
target dose. 

Currently, when using a quantitative dose .scale for cla.v 
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FIGURE 2. ScatteipJols ot tUoSoglisI iTiditator results {pBichloroBttjylene in breath, trichloroaoetic 
FKURS l._ Scatterplols o! btoloaicil Indiattr resulle (merciiry in Wood, mercuiy Ib oiiiis) KErais aoid in uiine) versits percliloroe8iyleiie In air mcnUoring tor dry-cteanliia Tvotkers.w Air reonitoilng 

marcuiy in air monitorinj for workeisJ’i Air monitoring was carried out during ore entire sWft; was earried out during one entire shill; urine sampling wss done at the and ofthemnnltoredshiJl; 

biological sampting was don* at the end of tho monitored stiilt. end-whaled air sampling was performed 15-16 hours after Hie end nf the shift. 
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sifying Workers into exposure groups, most epi(iemit> 
logical studies use air monitoring data because these are 
jnainly the only data available, especially tor rcia>spectivrt 
studies of chronic diseases. Nevertheioss, tliere are a few 
types of chemicals for which exposure grouping has Iseen 
based on biulugical monitoring. Usually, these are chem¬ 
icals for which it is well known that air monitoring can be 
misleading, e.g., pesticides and some heavy tnetals, Tlii.s 
paper is not a review of what has been done in epide¬ 
miological studies with biological maciitoring. It is more 
an examination of the advantages and disadvstncages of 
biological and air tnonitoring to offer some basic concepts 
that allow a dioice to be made between botli approaches 
for cxpo.surc classification in future studies. Factors related 
to both difficulties mentioned above will be examined, i.e., 
exposure changes over time and the inaccessibility of the 
target dose, 

The Extern of the Problem 

Air and biological monitoring are two indirect ap 
proaches for determining target site concencration.s. They 
should, cbcTcfore, be highly correlated. A few example.^ 
will be used here to iliu.strate their relationships. 

Air Versus Biological Monitoring Results 

Two examples will he considered: mercury exposure in 
various industries and pCrchloroethylene exposure In dry- 
cleaning ojitirations. Figure 1 presents the results obtained 
on 26 workers exposed lo mercury vapor or niercuric 
oxide dust in. the manufacture of luminou.s signs, batteries, 
and chemical praductiun of acetaldehyde, Expasure was 
measured during one entire shift. At the end of the same 
.shift, blood and urine were sampled for mercuty deter- 
rninacidjti.l’' The results obtained ttn a group of 4o workers 
exposed to perchloroetliylene in the dry-cleaning industry 
are shown in Figure 2. Exposure was mea.surt; )>>' personal 


table I. Classification of Mereury"* and PatchloroBlfiyiEnEia 
Weiiters Accordiiui to Tlieir Day Alt Erpasute and TTieir 
BiBlcfllpal itidteatore_ 


Btaiggival Manitaiing 
(indicalDts) 

Menaiiy iHc(|/F>eichlon£ihy1ene 
^ere) in Air 

Low 

High 

p* K" 

Hg in urine 

Low 

8 

5 


High 

2 

11 

0,73 O.-IS 

In blood 

Low 

8 

8 


High 

5 

8 

0,50 0,0 

P«rc in brealh 

Low 

17 

1 


Higti 

3 

IB 

D.89 0.73 

TCA"^ in Dlood 

Low 

6 

2 


High 

3 

14 

0,91 0.79 


<() = praportlpn ol ^cemcfiL 
*K = tappa tMiiffiien!. 

^CA =t add. 


f^ppL accup, EmaoN. a^is. m • juwe isai 


monitoring during the entire shift. End-exhaled air was 
.sampled for 37 workers 15—16 hours alter the same shift 
and analysed for perchloroeihylene and carbon dioxide. 
Spot urine samp!o.s were taken at the end of the monitored 
shift for 22 workers and analyzed for trichloroacetic acid 
find creatinine.<^> The.'te two figures indicate .statistically 
significant relaiion.ships between the surrogates of target 
dt,we, but die sartcr i.8 often quite wide. Several fectors 
can cauJic dii.s variability. 

1. Air exposure data represertt only one day of expo- 
■sure; however, in some cases, biological indicators 
arc influenced by several days, weeks, or months of 
past exposure. 

2 . Air expo-wre is not die only route of absorption, and 
oral intake might play an Important role. 

3- The distribution and metabolism of the indu.strial 
clretnicals differ between individuaUi-^i and can 
explain some of the deviations observed for 
perchloroethylene, 

Effect on Exposure Classification 

The main point for the epidemiological approach is to 
.see what effect .scatters, such as the ones .shown in Figures 
1 and 2, have on exp0.sure classification. The same nasulcs 
as in Figures 1 and 2 are pr&sented as category data, using 
die median of the resulw of each monitoring to classify 
low and high exposure group.s. The results are pre.sented 
in Table T for mercury and perchlorocthylene. As could be 
expected, mlsclas-sification occurs in diese examples at quite 
a high rate. Misdassiftcatioii can be analyzed by the pro¬ 
portion of agreement po and by the Kappa coefficient, 
which are .shown in Talile The latter takes into account 
the proportion of chance agreement, ft takes a value of 1 
for perfect agreement, 0 for only chance ttgreement, and 
a negative value if agreement is less chan Isy chance. It is 
usually bchevedf'^’ that values above U,75 show excellent 
agreement, values between 0.40 and 0.75 show fair agree¬ 
ment, and value.s below 0.40 show poor agreemenr. Some 
of the re.sului in Table I indicate poor agreement; therefore, 
the use of either air monitoring or liiological monitoring 
data can lead to important mi.sclassihc'Jtion.s. The most 
important point is to kleniily if one of these approaches 
is a bcuer do.se surrogate, There is obviously no genera! 
an.swer to thi.s question; it depends on the chemical and 
on the .situation .studied. Tfie main foCu-s of this paper will 
he to examine quantitatively, if possible, the main factors 
underlying tills typo of misclas.siRcacion. 

Exposure Changes Over Time 

As already mentioned, one has to consider both long¬ 
term diangss and .short-term fluctuaHons. Long-term dianggs 
consist of a shift in the mean exposure level, and shott- 
term Ructuailons can be seen more as random fluctuarlon.s 
around a .stationary .situation. Wl\en comparing air and 
biological monitoring data, one ha.s to consider wliat time 
frame can be extimined with each approach. For air mon¬ 
itoring, the current sampling procedures are usually aimed 
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FIGURE 3. “TimB rBprssefltativity' ' ot bialpgical indicatois as a lunction ol iheir biological halt- 
llVBs. OnflnaTe shows tha cuhiuIbiIvq conirihuTion aiitie Indlcafed time periods, for an ehamplB, 
see tern. 


at estimating an entire shift exposure, although some data 
can show shorter time periods, especially if they refer to 
area samples. Air samples are usually collected at such a 
frequency diat they allow, in the best cases, long-term 
changes in mean exposure to be detected, but air sampling 
does not permit short-term random fluctuations to be es¬ 
timated and taken into accounL These fluctuations are usu¬ 


ally believed to follow lognormal distributions c'haracCer- 
ized by geometric standard deviations in the 1.5—5-0 range,!®) 
but witli some values reported as high as 8.0 in some 
cases.!^) 

When using biological monitoring, each Sample reflects 
the current body burden. Nevertheless, the current body 
burden is a function of not only the current exposure level. 


TMLE 11- Examples of die Chemlcate. Tlieif Brolagical Peteiminante, and Their Half-Lives*’^ 


cheniicsl 

Determinam 

Biolagical Media 

Tilitlilig 

Half-life On) 

Anilina 

Total p-aminophenol 

Urine 

End of shill 

4 

Btazens 

Phenol 

Urine 

End ot ^ifl 

5.7 

Cadinlum 

Cadmium 

Urine 

Not critical 

EO years 


Cadmium 

Blood 

Not critical 

240Q 

Carbon disuinds 

Z-Ttilothia 2 D!idlnB- 
^-catbQiyllc arid 

Urine 

End Dl stiitt 

S 

Carbon manoxids 

Carboxybemoglobin 

Bldad 

End ot shift 

s 


Cathnn mono:<iiin 

Eithaleii air 

End of shift 

s 

DimuhylScnnimide 

N-MethyllonnamldB 

Urina 

End ol shiti 

4 

Eihyl beiUBne 

Mandelic: add 

Urine 

End ol shill 

4 

Elhyl benzene 

Exhafed air 

prior to shill 

48 

n-HE«ane 

2,S-KeunadiDns 

Urine 

End ol shill 

15 


n-Heiane 

BOaled air 

During shift 

0.25 

Lead 

Lead 

Blood 

Nol critical 

ftoo 


Lead 

Urine 

Not ciilical 

700 


Zinc piologotphyrin 

Blood 

ftfter 1 month 

500 

Meiliyl chlnrolDmi 

Melhyl chluioiorm 

Exhaled air 

Prior to last shift ol irarkmeek 

32 


Trlchloitaceiio acid 

Urine 

End ot workwEek 

72 

Metfiyl elbyl ketone 

MeShyl ethyl ketone 

Urine 

End il shin 

4 

Organ ophospho rus 

Chollnestcrass actlvi^ 

Red blood cells 

— 

700 

PaT?lhion 

p-Nilrophenol 

urine 

bid of shift 

7 

Pentaditarophenal 

Pentactiiorotitienol 

Urine 

Prior 1D Iasi shift of watiwiaeK 

700 

PsrdiloriKlbylene 

PerdiloroathylBne 

BSialed air 

Prior to last shift ol workweek 

S6 


Pcrutiloioethylcne 

Blavi) 

Prior to last shift ot woikweek 

96 


TTlchlonuceliG aojd 

Urine 

End ol workweek 

GO 

Phenol 

Phenol 

Urine 

End ol shift 

3.5 

Styrene 

Msnd^lic acid 

Urine 

End ol shift 

4 

StyrthB 

Exhaled air 

Prior to next shift 

20 

Toluene 

tilppudc acid 

Urine 

End ol shift 

1.S 

TrichloroeihylMie 

Trichloraacetic acid 

Urine 

Enti of workweek 

75 

Xylenes 

Melhylhippuiii: adds 

Urine 

End of shift 

3.6 
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but also what happened sanic lime before. TliJs Is illus¬ 
trated by Figure 3 which shows how much exposure his¬ 
tory a given biological indicator can relate. BioUtgical in- 
dicicors are described by their ItaJf-liveS, .some example.s 
of which can be found in Table 11. The relatlonship.s found 
in Figures were esablished u.sing a simple, one-com 
panment pharmacokinetic model. For example, for a bi¬ 
ological determinant with a biological half-life ()f 10 hours, 
the measurement will he influenced only by what hap- 
pericd during the la-st week and mainly by the exposure 
.situation of the last day. The last hour exposure ha.s a 
relatively small effect because it Ls “averaged out' in the 
entire day exposure. This would not be the ca.se for lower 
half-lives for which the effect of the la.st exposure hour i.s 
larger. On tlie other hand, if one considers a biological 
determinant with a longer half-life Ce.g., lOO hours), the 
biological irionitorlng results will he influenced by the 
exposure .situation of tlie last month, the Iewc week having 
more importance than the first 3 weeks of the month. In 
this case, the effect of the la.st day and hour i.s relatively 
smaii- 

Smoolhing of Expeeun) Vanability 

The way exposure fluctuation.s are transmitted to the 
body burden depends on the kinetic behavior of die con¬ 
taminants in the human body. Similarly, the way biological 
indicators are affected by exposure variability is condi¬ 
tioned by their biological half-life. The relaiionship.s lie- 
tween expo-sure variability (usually described by its geo¬ 
metric standard deviation body burden variability, 

Enposura 



and half-life have been studied on several occasions.**'’The 
tran.smission tif day-to-day variability w ntjt aaicnuared up 
to a half-life of about 5 hours; variability in body burden 
then decreases progrei.sively. being 30 percent for a half- 
life of about 20 hours. 

In this contest, biological indicators exliibiting long 
half-lives have the advantageof damping the expo.sure var- 
iubiliiy. Thereftjrc, les.s bjological monitoring data are re¬ 
quired than air monitoring re,sults to e-sciniate tire mean 
exposure of a person or a group. This is shown in Figure 
4 which indicates, for different environmental variabilities, 
the number of samples required (both biological and air) 
to estimate the exposure with certain statistical 
requirements.*^' 

It is important ut mention that healtit effects are not 
related, in some cases, to ihe average or total dase, but 
the.se effects also depend on peaks of exposure. In this 
situation, biological indicators with long balf-lives are not 
necessarily advantag^sjus. There arc, iJterefore, cases wficre 
biological indicators with short half-lives, or air monitor¬ 
ing, might be l^etter choices if the times when peak ex¬ 
posures occur can be esuibli.shcd beforehand. 

The advantage of biological monitoring based on indi¬ 
cators with long half-live,s fe often opposed to the large 
individual variability observed in biological systems. A sit¬ 
uation then exi-sls with two opposing effects: the damping 
of exposure variability by the biological half-life of the 
biological indicator versus die variability inherent tO any 

b. Execasurt ^ «2.6 




d. £;cpgsuf<^ cTg m C),S 


Cl &pasuri» s 3,6 




HalMtfdthM 

FIGURE 4, Predictad sample sire for alf and btologieai monitoring tor different anvifonmenial variabiliiies individual 
varlablllti®: {mean CV = D-S, range 0.1-0.9), and nalf-iives of the biological indicatot3.fi 
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Table hi. C^mpai^tivs Examples of Skin and Pulmonary AbsorpUorii^^’^^l 


Gtiemlcal 

flu* 

mg/cm^/hr 

TLV-T«tt 

mg/m’ 

Calculaieti AniDunts Absorbed per Day (mg) 
Pufmonary* 8Mn A‘ Skin 8° Skin C 

Aniline 

0.64(15 

7.6 

53,4 

1 72 

1152 

4611 

Biphenyl 

0.0758 

13 

9.98 

8.5 1 

135 . 

546 

0 -Cresol 

4.5338 

?? 

169 

fsifl 

8161 

32643 

Dialdrlti 

0.0013 

0.25 

1.92 

.isH 

I 2.2 

9.4 

DimgliiyHotJiwnide 

1.0347 

30 

230 

116 

1862 

7445 

Z-fUlDxyBtfenpl 

1.ZK4 

19 

138 

136 

\ 2163 

8679 

Siyrais 

0,5ie6 

213 

1636 

58 


3719 

Ondane 

o.ooar 

0.5 

3.S4 

.98 

fie 

6^B 


0.1 

262 

2012 

11 

180 

720 

Methyl chlordatni 

0.B7 

1910 

1^669 

93 

156B 

6264 

Methylene chieride 

0,14 

174 

1337 

16 

252 

1008 


"Cafciilated willi aaalwfllsr venlllaijan al IB bVnln wd iBOKi alveolar Jbsoriilion. 
vft njpnsenfs inirsqucii! skin <)^iosuik 1 (lend (IW cm^t, 15 mitnites per iljy. 

‘B ixpieaails akin cqntwl^ i'lianJa ( 9)0 cirf), 2 hoore per day. 

"C <Epie$Eiils pcnnataol sta'n cohW: Z hands (oco cm*), 8 hours per day. 


bio)ogical measurement. TJiesc can be quantitatively com¬ 
pared using a simple statistical model.'^i Tlie results ob¬ 
tained ate again .summarlKed in Figure 4, which includes 
not only haif-Iife and ermronmental varialsllity but alao a. 
range of individual variabilities of CVi 0.1-0.9 witlt ii me¬ 
dian of 0-3- Figure 4 can be ased to discuss the relative 
advantages and disadvdntage.s of air and biological moni¬ 
toring. For example, it can be .seen that for bioU)gica] 
indicators wiili half-lives smaller than about 10 hours, there 
is no sracisticai advantage of using them over air monitor¬ 
ing, whatever the exposure is. Especially tor hiological 
indicators with a relatively high CVi, tliero would be a very 
dehhice advantage of air monitoring in the case t>f low (Wj, 

= 1.5) or moderate — 2.0) environmental variability. 

For biological indicators witli half-lives grtsiicr dran 10 
hours, there is always some advantage over air moniurring 
for environaiencal variabi!iiie.s of tr^ .3.0 or greater. Figure 4 
also indicates that there is proliably not much srati.siical 
advantage to look for biological indicatois with very long 
half-lives, e.g., greater than 1000 iiours. This w, of course, 
only true if exposure is statioryary. Otherwise, this type <5f 
indicaetjr could be used to integrate trend.s in ext> 0 ‘}ure, 

A Better Approach of Target Concentrations 

Many factors can affect the relationshifjs between air 
exposure and target concenimtions or between some bi¬ 
ological indicators and target coricentrations. Some of them 
will be di.sicussed quantitatively here. 

Quantitative Approach to SKin Resorption 

Skin absorption i.S probably llle fector mosl often cited 
for making air monitoring an unreliable indicator of do.se. 
In many cases, it has been .shown to even represent the 
major route of exposure (e.g-, pesticides, dimediylformam- 
icle, etc.). Tfie decision as to whetlrer skin absorption is 
important is often based on the Skin notation found in die 
lliresbold UmU Values and Biological Hspasitre Indices 
Booklet of tile American Conference of Governmental In¬ 


dustrial llygienlsis (ACGlH).dD) notation i.s arbitrary 
in many ca.ses and depends more on mentions of po.ssibie 
skin aKsorption in the liieratiire than on scientific base.s. 
Recently'. Fiserovu-Betgerova et used a model of 

skin Uptake to predict diemicals for which a Skin notation 
,should be considered. Such an approach can be very useful 
in rhe framework of epidemiological studies to decide if 
biological monitoring could he a useful dose indicator. 

In this model,skin absorption is described by the 
dermal flux (Fl) which can be calculated from the water 
solubility (Cjai), the occanol-water partition coefficient (P), 
and the molecular weight (MW) of the .sultstance: 

fl = [C„i(0.03S + 0.153 P) eicp-o°^®“'"]/15 

FI, toguElier with a determination of ihe exposed surface 
of skin and of [he time Of contact, allows an e.stimarJon of 
the ainovtnt of chemioa! altaorbcd through the .skin. Table III 
givies some example.s for the flux and the corresponding 
amounts absorbed for a few pulmonary and .skin exposure 
scenarios. Lung expo.sure wa.s calculated based on the 
tlyre.shold limit value-time weiglrted average (TI.V—TV[iA)b‘') 
with a light physical workload of 50 watts giving an alveolar 
ventilation of 15 L/min. For simplicity, alveolar retendon 
w-as taken as 100 percent. In epidemiological studies, an¬ 
other level of exposure might be more relevant and should 
be chosen; for example, the lower airborne conceniration 
of interest in order to make the relative contribution of 
skin maximum. For skin alAsorption, tliree scenarios were 
chosen: skin exposure not frequent, 15 minutes per day, 
one liand; skin exposure frequent, 2 hours per day, both 
bands; and permanent skin exposure, 8 hours per day, 
both hands. In Table IIT, a line scparalES situations where 
skin absorption is lower than pulmonary absorption from 
dtose where it is higher than pulmonary absorption. It is 
clear that the importance of skin absorption depends not 
only on the flujt but also on tho extent of skin contact. 
Table III shows that, for some cases, tliere is an important 
need to improve the esiimadon of the dose absorbed. 



1 


t 


an 


APPi. otcup. EHVisoN. Hte. nsf ■ Jlifieiasi f 

■ ■ I .i.u. i ' ili Bm 


PM3006483586 


Source: https://www.industrydocuments.ucsf.edu/docs/mxxj0001 



13/08/01 11:58 FAX 310 208 5971 


INFOTRIEVE 1 


loos 


Biological monitoring can contcibuie to tKe estimate by a 
large extent. Nevertheless, it should be noted diat, in cer¬ 
tain cases, the pharmacokinetic behavior of the chemicals 
will be diffejrent after skin exposure due to tin: .slower 
absorption from depots near the application site. In this 
case, biological indicator kinetics will be different and the 
results should be used ■with some caution. 

Physical Workload and Pulmonary Ventilation 

Physical Workload is a Weli-knOwn and often-cited ftictOr 
affecting the estimation of the dose absorbed, and biolog¬ 
ical monito.ring is often presented as having the advantage 
of taking this parameter into account, Table fV shows some 
effects of physical workload on physiological variable5,‘''^> 

As lar as the absorbed dose is concerned, otie c;tn .sec 
that physical workload has a large influence. Therefore, 
airborne concentrations of contaminant: are only a crude 
approKimation of the real dose absorbed. This Ls true for 
nonvolatile chemicals. For volatiles, an increase in alveolar 
ventilation produced by physical workload i.s followed by 
a decrease in retention which has ati opposing effect to 
the ventilation. For example, using a siinpJe, one- 
comparttnent model, one can show that the amount of 
metiiolites (E) formed atx'ordtng to the alveolar ventila¬ 
tion (VA) can he approximately described by:f^^) 


J. 


(1/VA„) + (IlM) 
(WA) + (1/M) 


Sxhalisd 


1 


tnhaidd (oecup3tlona^4>smake-*pfi^[;tfon) 

— 


V 

AlvQolf 

GfR 


1/ 


720/72 hr 


Bronchr 
HAR + TfiR 


35 hr 




Qlf^od and 
CBilui^r fluids 


Urine 


4- 


15% 


4 


Or^l absarpSan 


V 

Faces 


wtere: M = the praducS of the metabolic clearance [L/min] by 
the blood-gas peirtition coefficient and subscript o 
raters to the state at rest 

Fpr volatile Chemicals, the effect depends on die chemicil; 
the greaier its solubility in blood and the more important 
iK metabolism is, the larger the influence Of phy.sical work 
load will be. 

Aerosols, Particle Size, and Solubility 

When compared to gases and vapors, the fate of aero,sols 
in the body ks complicated by two irnponam factors: their 
particle size distribution and their sohibilbjiiion in the 
lungs. The first parameter will affect the aerosol deposition 
in the various compartment-s of tire lungs. Panicle size 
disaibuucn has been recently redefined by ACGIH,*’ and 
the behavior,of particle.^ of different aerodynamic diam¬ 
eters is now well understood- For the second aspect, the 
solubility wiU determine the rate at which the aerosol is 
cleared from the lungs. 

To illustrate the jntportance of these parameters, the 


FI&URE 5. Example of a simple pliarmacokinelic model of anlimony, Sti(V), 
absorpKott. distnbuibn, and dliminailon. Data given in pements ara tractions 
absorbed: in hours are first order rata constaitts. For GER, iwe rates are diver 
to simulated adrosDis of different sdlubiiiltes. 


case of antimony, Sb(V), will be coTOidered using a simple 
model which is shown in Figure 5. The lungs arc described 
by two compartmenLS; the GaS Fjechange Region. (GER) 
and a region representing the association between tire 
flead Airways Region (HAR) and thcTnicheobronchial Re¬ 
gion (TOR). Depo-sition in those regions is calculated Ixised 
on ACGIH retention curves.t^^^ Absorption is by direct 
solubilization from the and by gastrointestinal (Gl) 

absorption after mucociliary clearance frepm the HaR and 
These absorption pathways are quantitatively de¬ 
scribed by dteir first order rate coasiants. Absorbed anci- 
mony, either from the GER or the GI, is Suppo.sed to be, 
for simplicity, distributed in only one compartment (ex- 
traceilular water)/*®' frorn which it is eliminated in the 
urine'Quanticiitive data for the transfers between the 
eompartmOrtt.'s of the model are shown in Figure 5; rate 
constants in hours, fnictians absorbed in percents. For 
absorption by solubilization in the GER, two speculative 
values are considered to describe the possibility of having 
antimony compouncL'; (5f different solubilities. 

Figure 6 presents results obtained with this .simplified 
mode) for four situations; dust and fume exposures; “low" 
and “high" solubilities;f*®^ the amount in the lutig.s (GER 
and HAR + TBR); and the concentrations in blood and 
urine. Table I summarizes some of the data obrained. 

ff health effects are linked to the dose to the alveoli 
(GER), it is clear frorn Figured ;md TabicV that neUlter 
air monitoring nor biological monitoring based on blood 




TABLE IV. Typical Effect of Physical WfltWoad an Some Physiological Parametere for a 7ft-k9, 


Physical WuiHoad 
(wan) 

O, Cansumplion 
(L/mln) 

Vvntilatian 

(Umin) 

Canliac OulpUl 
(l/niin) 

Purfusion (L/nun) 

Musds Liver Brain 

0 

0.3 

5 

6 

1 

1.5 

ae 

50 

0.8 

16 

9 

3.6 

1.3 

0.7 

IDO 

1.3 

27 

13 

7,9 

1,2 

0.7 

1 S 0 

l.B 

3 B 

IB 

13 

1.1 
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or uriae are good qaancitativc indicators, GER laurden var¬ 
ies by a factor of almost 25 for ihc same expasare. Similarly, 
bloOd and urine concentrations do not correlate at all with 
GER burden. Therefore, neither Of lliem could he used as 
such in an epidemiological study. Even when taking tire 
respirable Fraction into account fhete, 0,05 for dust, 
0.15 mg'm* for fume), the situation Is still not satisfaciory. 

If htailth effects of interest arc systemic, it i,s probable* 
that tltey will be more related to blood concentration.*;, In 


this case, higher concentrations are seen for Rimes at sim¬ 
ilar total du.st exposure. Therefore, measuring blood con¬ 
centrations (or urine concentrations) probably giv^is a bet¬ 
ter indicator of Ky,Stcmic health effects. It is interesting to 
note that in this instance, die same can. be achieved by 
respirable duSt .sanipUng, 

Therefore, although biological monitoring can, in some 
specific cases, be better for aerosols than for air monitor- 
itig, this i.s not systematically the case. The use of biological 
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TABLE tf. Wr jiotf Biological Indimtars of Bgiosum to Aitlimotn In Four Dlfferant Sihiatjons 


SituaHon 

Aerosol 

“Salubiilty” 

(relative] 

GER" 

(mg) 

eioQd 

v..igAj 

Urine 

(mgA) 

Exposure {mg/lti') 
Tata) fiuspirable 

1 

Oust 

1 

14 

0.018 

0.13 

0.S 

0.5 

2 

Dusi 

10 

1.4 

0.020 

0.14 

D.5 

0.5 

3 

Fume 

1 

43 

0.022 

0.16 

0.5 

0.15 

4 

Fume 

10 

4.3 

0.029 

0.20 

0.5 

0.1S 


’ AMrsQC value over the wgcIl 


indicators does not guarantee that such characteristics as 
aerosol solubility and size distribution are taken into ac- 
counL In faCT, simple pharmacokinetic models, such as the 
one described here, should always be established on avail¬ 
able tosicological and kinetic information. 

Fate Of the Ohemicals in the Body 

Biological tnonitoriDg can sometimes offer a better ap¬ 
proach of the total dose absorbed tlian air monitoring. Tlie 
next step is ro consider the distribution of the chemical 
in the body and its possible activation by metabolism. Large 
Lncerindividual differences ate known to characterize these 
processes; therefore, in certain cases, the total dose ab¬ 
sorbed can be only weakly aasociated wicii die target site 
dose. It Is usually believed that biological monitoring can 
take c 9 re of this individual variability and thus be a much 
better surrogate than air monitoring. 

Physiologically based models can be used to study the 
relationshipa between various possible biological indica¬ 
tors and some target doses. Exploration of such relation¬ 
ships indicates that it is not always true that biological 
indicator.^ give a better estimation of target dose than tra¬ 
ditional air rnonitoring,^'^’ In feet, each ciise .should be 
examined in detail based on current toxicological and 
pharmacolcgical knowledge. 

Comments 
Accuracy or Precision 

Air monitoring can introduce a large bias into the es¬ 
timation of the true target site level in certain .situations. 
This Ls due to the factors previously described, e.g., physical 
workload, skin atisorption, aerosol deposition, and solu¬ 
bilization. Differences in the dLstribution in the body would 
also make air monitoring a very crude indicator of the 
bialagically active dose. Biological monitoring has the ad¬ 
vantage of taking into account some or all of these factors, 
thus reducing the bias; therefore, the accuracy of biological 
monitoring can be said to he generally better than that of 
air monitoring. 

On the otlier hand, biological monitoring Ls a tool which 
is often largely affected by biological variability. This var- 
iablliiy can sotnetlmes represent an equivalent toxicolog¬ 
ical variability (or the variation to susceptibili^ in Che toxic 
effeos) but, in many cases, it probably does not have a 
proven link With the Studied effect If fois link cannot be 
positively idenUBed, it would he better to consider this 


variability as having no toxicalogicaJ meaning; chat is, as 
being an unwanted noise. In tlris perspective, biological 
monitoring is often a method with a larger coefficient of 
variation chan air monitori-ag and, therefore, widi less pre¬ 
cision. This is true if one neglects variability in exiJosure, 
which makes the mean exposure more difficult to estimate 
both with air and biolc^ical monitoring. In this case, bi¬ 
ological monitoring can have a smaller coefficient of var¬ 
iation than air monitoring as shown in figure 4 for the 
cases Of biological determinants with long biological half- 
UveS, 

of course, it is evident chat for epidemiologic studies, 
researchers need to have a dose surrogate with a low CV 
and bias. However, this is achieved only in a few cases; in 
most situations, investigators will often have fo compro¬ 
mise between accuracy and precision. Is it preferable to 
have a dose surrogate mth a large bias and a small CV 
(low accuracy, large precision) or to have a small bia.s wiffi 
a large CV (low precision, good accuracy)? This is an im¬ 
portant consideration because a low precision will pro¬ 
duce an important proportion of misclassifications. Assum¬ 
ing that bias is relatively sialsle acrOSS the population Studied, 
or that groups with similar bia-ses can be formed, it seems 
preferable to reiy on the monitoring method showing the 
smallest CV. If air monitoring is shown to be the appro¬ 
priate choice, biological monitoring could then be used, 
in a smaller scale study, to estimate the magnitude of the 
potential sources of biases. 
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